ABSTRACT. Lanthanide(III) complexes of 1,2-diphenyl-4-butyl-3,5-pyrazolidinedione(phenylbutazone, PB) have been synthesized and characterized by elemental analyses, molar conductance measurements, IR, UV-Vis. and NMR spectra. The spectral data reveal that the PB acts as a bidentate and mono-ionic ligand coordinating through both the carbonyl oxygens of the pyrazolidinedione ring. The molar conductance data suggest that the complexes are non-electrolytes. The thermal behaviour of the complexes was studied by TG and DTG in air atmosphere and the results provide information about dehydration, thermal stability and thermal decomposition. The final products are found to be the corresponding metal oxides. The thermodynamic parameters and kinetic parameters were evaluated for the dehydration and decomposition stages. The negative entropy values of the decomposition stages indicate that the activated complexes have a more ordered structure than the reactants and that the reactions are slower than normal. Based on these studies, the complexes have been formulated as [Ln(PB)3]·5H2O(Ln=La and Ce) and [Ln(PB)3 (H2O)2]·2H2O(Ln=Pr, Nd and Sm).
INTRODUCTION
Coordination chemistry of lanthanides is a promising research area motivated by the wide range of applications for these compounds in catalysis, asymmetric synthesis and advanced materials.
1,2 Highly luminescent lanthanide complexes are attracting attention in a wide variety of photonic application such as light emitting diodes and bioinspired luminescent probes. 3, 4 In addition these complexes have been found to exhibit anticancer and fungicidal properties. 5 The lanthanide ions belong to the hard acid class in the Pearson designation.
6 Lanthanide(III) ions because of their large size and high positive charge form stable complexes with high coordination number. The lanthanide ions prefer hard donor atoms such as neutral or negatively charged oxygen atoms and hence they have a strong tendency to bind water molecules. 7 Metal complexes of some biologically important ligands are some times 613 more effective than the free ligands. [8] [9] [10] It is well documented that pyrazolidinedione derivatives possess a wide variety of biological and pharmaceutical activities and are also used as colour agents, photographic light sensitive and thermal printing materials. [11] [12] [13] Phenylbutazone belongs to the family of non-steroidal anti-inflammatory drugs (NSAID).
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In the present paper, we describe the synthesis, spectroscopic and thermal decomposition studies of a series of Ln(III) (Ln=La 
EXPERIMENTAL

Materials and measurements
Phenylbutazone was purchased from Sigma Company (USA). All other chemicals used were of AR grade. Elemental analysis of the complexes was carried out on a VarioEL 111 CHNS analyzer. Molar conductivity of the complexes in DMF was measured using Systronics Conductivity meter 304. The FT-IR spectrum was recorded on a DR/Jasco FT-IR-6300 spectrometer (4000-400 cm -1 ) in KBr pellets. The solid state UV-Vis. spectra of complexes were recorded on a Varian Cary 5000 spectrometer in the range 200-800 nm.
1
H and
13
C NMR spectrum of PB and its lanthanum complex were recorded in MeOD and DMSOd 6 on a Joel GSX 400 FT-NMR spectrometer. Thermo gravimetric analysis (TG/DTG) was carried out in air at a heating rate of 10 o C/min using Perkin Elmer (Pyris Diamond) analyzer.
Preparation of metal complexes
Sodium salt of phenylbutazone (0.3 g, 1 mmol) was prepared in 0.1 M NaOH solution (pH~7). A slight excess of the ligand was used to exclude excess alkali. The resulting suspension was filtered. To the clear solution an aqueous solution of Ln (NO 3 ) 3 ·nH 2 O [Ln=La, Ce, Pr, Nd or Sm] (0.3 mmol) was added drop wise with stirring. The solid complexes formed were filtered, separated, washed several times with water and dried in air.
RESULTS AND DISCUSSION
Elemental analysis
The proposed compositions of five lanthanide(III) complexes of phenylbutazone were confirmed on the basis of the elemental analysis and the data are summarized in Table 1 . The experimental data are in good agreement with the theoretical values. The melting points, yields and colour of the complexes are also shown in Table 1 . The molar conductance data suggest that the complexes are non-electrolytic in nature.
FT-IR Analysis
The main IR spectral bands of PB and its complexes and their tentative assignments are summarised in Table 2 .The IR spectrum of the ligand shows two C=O stretching frequencies, one at 1760 cm -1 and the other at 1722 cm -1 .
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The shifting of these two carbonyl peaks in metal complexes to lower wavenumbers indicates the involvement of both the carbonyl groups in coordination. 17, 18 The band at 2859 cm -1 in the free ligand is assigned to the stretching of the tautomeric CH group. 19, 20 This band is absent in all the complexes which confirms that the complexation takes place after deprotonation. The above observations indicate that PB acts as a monoionic bidentate ligand and coordinates through both the carbonyl groups. The new bands in the range 506-551 cm -1 in the spectra of the complexes are assigned to ν(M-O). [21] [22] [23] The broad band in the range 3000-3600 cm -1 and bands at 657 cm -1 and 1099 cm -1 are assigned to the different vibrational modes of lattice and coordinated water molecules in complexes. 24, 25 This was further confirmed by thermal studies.
H NMR Spectra
The NMR spectral data are shown in Table 2 and the NMR spectra of PB and La(III) complex are shown in Fig.  2 and Fig. 3 , respectively. A triplet at 2.19 ppm is assigned to tertiary CH proton. This triplet signal is absent in the La(III) complex, which confirms that this proton is abstracted by the base and the participation of two carbonyl groups in coordination All other signals are well reproduced in the spectra of the complex.
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C NMR spectra The
C NMR spectrum provides direct information about the carbon skeleton of PB and its lanthanum(III) complex. The two carbonyl groups show the same chemical shift values, confirming that the carbonyl groups were equivalent in the molecule.
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Signals at 173.6 and 171.4 δ ppm are attributed to two carbonyl carbons in the ligand and the complex respectively. Aromatic carbons appear at135.3, 128.8, 127.3 and 123.8 δ ppm for PB and 142.9, 128.3, 122.4 and 120.9 δ ppm for the lanthanum(III) complex. The methyl carbons of the butyl group appear at12.8 δ ppm for the ligand and Table 2 . IR spectral data of phenylbutazone and its complexes 
Thermal analysis
The TG-DTG curves of lanthanide(III) complexes of phenylbutazone at a heating rate of 10 o C/min are given in Figs. 4-8 . It provides information about the thermal stability and thermal decomposition of the complexes. The thermo analytical data for the synthesized lanthanide(III) complexes are shown in Table 4 .
The La(III) and Ce(III) complexes undergo decomposition in two stages. The initial weight loss of 7.8% (calc. 
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. The second dehydration step is in the range 160-250 o C with a mass loss of 3.1% corresponding to the loss of two coordinated water molecules (calc. 3.1%). 28 The thermal decomposition of the anhydrous compound takes place in the range 260-480 o C with a mass loss of 79.0% (calc. 80.0%) corresponding to the loss of three PB molecules. 27 Finally the most stable metal oxides are formed. The three stages can be represented as follows.
[Ln(PB) 3 -1 for the decomposition stage, respectively. The negative entropy for the dehydration and decomposition stages indicates that the activated complexes are more ordered than the reactants and the reactions are slower than normal. 19 The correlation coefficient values are in well agreement.
31 The information from the kinetic studies are summarised in Tables 5, 6 and 7.
Electronic spectra
The solid state electronic spectral data of Pr (III) and Sm (III) complexes are given in Table 8 . The UV-Vis. spectrum of Pr(III) complex is shown in Fig. 9 . The electronic spectra shows two ligand based transitions at 280 and 305 nm, respectively, corresponds to π→π* and n→π* transitions.
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The absorption bands of Pr(III) and Sm(III) complexes in the visible region appear due to the transition from the ground levels are proposed.
The thermal decomposition of these complexes provides information about the thermal stability and all complexes give a stable metal oxide residue around 500 o C. The negative value of the entropy of activation indicates that the activated complexes have a more ordered structure than the reactants and the reactions are slower than normal.
